Abstract: Urban reservoirs can receive high loads of chemicals, including persistent contaminants and eutrophication-promoting nutrients. To maintain their economic and recreational use, implementation of various restoration methods is often required. The Maltański Reservoir (Poland, Europe), a small, shallow and dammed urban water body, undergoes complete draining every four years as part of its restoration procedure. Here, we investigated the phosphorus (P) content and its fractions just before the reservoir was drained and after it had been completely filled with water again. As demonstrated, the highest accumulation of P occurred at sites through which the main water flow is directed. Calcium-bound and residual P constituted the largest proportion of P fractions. A shift in P fractions after the reservoir was drained and sediments were left without water for at least 4 months was observed. A decrease in phytoplanktonutilized NH 4 Cl-P, Fe-P and NaOH-P fractions was found and followed a simultaneous increase in nearly biologically inaccessible HCl-P and practically biologically inactive residual P fractions. Our study demonstrates that complete drainage of the Maltański Reservoir may additionally decrease the risk of internal P loading through shifts in its fractions.
Introduction
Municipal reservoirs represent an important element in urban architecture and can be used for a variety of purposes, including recreation, sports and as a drinking-water supply. Their location, however, increases the risk of receiving effluents of potentially hazardous and persistent contaminants such as oil derivates, toxic metals and polycyclic aromatic hydrocarbons, leading to contamination of municipal surface waters (Choe et al. 2002; Azizuddin et al. 2014; Rzymski et al. 2013; Rzymski et al. 2014) . Moreover, large loads of nutrients promote primary production, increase the incidence of harmful algae blooms and generally lead to a decrease in water quality, limitation of human use and in some cases, a potential health threat (O'Neil et al. 2012; Rzymski and Poniedziałek 2013) . Deterioration of water quality in artificial reservoirs can occur within a relatively short period of time due to their usually small surface area and shallow character. Therefore, improper management in their catchment area can lead to rapid chemical and biological changes and, consequently, create a need to implement restoration processes to maintain their use (Cooke et al. 2005) .
Along with nitrogen (N), phosphorus (P) is one of the most important factors responsible for limiting primary production in water bodies (Søndergaard et al. 2001) . In general, aerobic conditions promote its sorption and accumulation in sediments while under anoxia, the release of P back to the water column is favoured. Humic acids and clay minerals containing Fe and Al oxides at their surface can absorb P efficiently, while silicates and carbonates, especially in the form of larger particles, play an insignificant role in P sorption. It is also known that sedimentary cycling of P depends mainly on the Fe status. In freshwater, Fe(III) oxides are the main compounds that bind P but this capacity also depends on the degree of crystallinity, availability of surface area, particle size and reactivity. For example, poorly crystallized compounds of Fe(III) such as ferric (III) hydroxide or lepidocrocite can absorb P at an approximately 20-fold higher rate Sedimentary fractions of phosphorus before and after drainage of an urban water body (Maltański Reservoir, Poland) than goethite or hematite (Lijklema 1980; Lucotte and D'Anglejan 1988; McLaughlin et al. 1981) . The sorption efficiency of P depends, however, on several other co-occurring factors such as microbial activity, pH, water temperature, sediment grain size and sedimentary composition (Zhou et al. 2005; Huang et al. 2011) . High loading of P has been linked with increased phytoplankton biomass, turbid water and loss of biodiversity, disappearance of submerged macrophytes, fish stock changes, and decreasing top-down control by zooplankton on phytoplankton (Jeppesen et al. 2000; Søndergaard et al. 2003; Klimaszyk et al. 2014) . In recent decades a great effort has been made in many parts of the world to decrease P effluents from catchment areas (Lewis et al. 2005; Bryhn 2009; Conley et al. 2009 ). Some of the most notable approaches have included a significant decrease in the use of fertilizers in agriculture, improvement of sanitation and sewage management as well as implementation of various pieces of environmental legislation. Despite a reduction in external loading, a significant part of the P pool can be driven by internal loading (Søndergaard et al. 2003) . If P has been largely accumulated in sediments over time, its release can be persistent and intense to such an extent that no improvement of water quality can be found within a considerable amount of time (Granéli 1999; Scharf 1999; Moss et al. 2005) . Such a phenomenon has been particularly observed in shallow reservoirs, in which sediments can also release P to the oxic water column of the lake (Boström et al., 1982; Jensen and Andersen 1992) . The internal loading and bioavailability of the P pool accumulated in sediments does not depend exclusively on its concentrations but also on its fractions. Therefore, the extraction of particular P fractions rather than total P content enables an evaluation of the risks to lake systems (Golterman 2001; Ribeiro et al. 2008) .
The following study was conducted at the Maltański Reservoir (Poland, Europe), a shallow urban water body used for recreational and sports purposes, which undergoes a complete drainage every four years as a part of its restoration programme. The reservoir was drained at the beginning of November 2012 and systematically filled with water again at the beginning of March, 2013. We aimed to investigate whether this procedure had any effect on the P pool in sediments and the shift in its bioavailability. We demonstrate here that periodical drainage of relatively small reservoirs located within the course of a river may affect P cycling and potentially decrease internal P loading.
Material and Methods

Study site
The study was conducted on the Maltański Reservoir, located in mid-western Poland, Europe (52°24'N, 16°58'E) near the centre of the City of Poznań. The reservoir was built in 1952 by damming the River Cybina (right tributary of the River Warta). Currently used for sport (canoeing and rowing competitions) and recreational purposes (bathing areas), it is considered to be one of the most attractive regatta courses in Europe. It is a shallow (mean depth of 3.1 m, maximum depth of 5.0 m) and small (surface area 64 ha) water body with an approximate volume of 2.1 hm 3 (Gramowska et al. 2010 ). Due to the morphometric features of the basin and westerly winds, the main water flow is directed near the northern shore. The eastern part of the reservoir is surrounded by forests, the southern by various sports, recreation, and shopping facilities as well as residential areas. The northern part is mainly surrounded by shrubs, an alcohol distillery, and sports facilities. Roads with high traffic intensity are situated to the west and south of the reservoir.
The whole water column of the Maltański Reservoir is well mixed by westerly winds, which prevail in this region (Joniak et al. 2000) . In the eastern part of the reservoir, the River Cybina flows into the lake. Before flowing into the Maltański Reservoir, it flows through Lake Swarzędzkie (surface 93.7 ha) and four other small man-made reservoirs -Antoninek, Młyński, Browarny, and Olszak (Kowalczewska-Madura 2003; Gramowska et al. 2010) . Raw municipal and industrial sewage was discharged into Lake Swarzędzkie over the years and it was not until 2002 that storm water was collected). As a result, high levels of organic matter accumulated in sediments and serve as a source of internal release of nutrients under anoxia conditions observed every summer (Kowalczewska-Madura 2003. The accumulation rates of organic matter in the reservoirs located between Lake Swarzędzkie and the Maltański Reservoir are relatively low due to their small surfaces (7.2, 9.2, 7.1, and 3.3 ha, respectively), duration of water residence times (mean 0.5, 1.7, 1.4, and 0.6 days, respectively) and maximum depths (0.8, 2.3, 2.2, and 1.8 m, respectively) (Gramowska et al. 2010) . It all eventually results in the eutrophic character of the Maltański Reservoir. The pH of the water is generally alkaline and exceeds 8.0 (Rybak et al. 2012 ).
Drainage of the Maltański Reservoir, supervised by the city council, is carried out every 4 years and is preceded by harvesting of fish and partial removal of emerged plants dominated by Phragmites australis.
It is conducted in order to service the hydraulic structures and maintain the reservoir banks. The reservoir was completely drained at the beginning of November 2012. The sediments were left completely without water for at least 4 months until March 2013, when filling work began. The sediments were not removed during this period. The mean air temperature during this period was 2.2°C; in November 2012: 6.2°C; in December 2012: -1.9°C; in January 2013: 1.6°C; and in February 2013: 2.9°C (data taken from the nearest meteorological station).
Sample collection
Samples of bottom sediments were collected in parallel from seven sites (Fig. 1) . Due to diversification of human pressure within the direct catchment area of the Maltański Reservoir, three sites were situated in the southern part of the reservoir (MR1-MR3), three in the northern part (MR4-MR6), and one in the western part (MR7). Samples were not collected from the eastern part of the reservoir due to the concrete bottom. The samples were collected at the beginning of November 2012 right before the drainage of the reservoir was launched and in June 2013 when the reservoir had been completely filled with water.
A plastic tube sampler (diameter of 5 cm and length of 1 m) was used to collect sediments. Because P can be released only from a limited sediment depth (Søndergaard et al. 2003) , the surface layer, approximately 10-cm thick, was collected for further analysis. Three replicates from each sampling site were collected. The sediments were placed in plastic containers and transported to the laboratory in cold storage.
Sediment analyses
The degree of sample hydration was determined directly after their collection. Organic matter content was estimated as the loss of ignition at 550°C and calculated as the difference between total and remaining inorganic matter content. Moreover, ignited samples were extracted with HCl and the non-extractable part was gravimetrically determined as silica (Håkanson and Jansson 1983) . The fractionation of P was performed by sequential extraction according to the Psenner (1988) procedure. The following fractions were extracted: 1) NH 4 Cl-P -loosely bound and extractable with NH-4 Cl solution; 2) Fe-P -bound with iron, extractable with sodium hydrocarbonate and sodium thiosulphate solution; 3) NaOH-P -bound with Al and organic matter and extractable with NaOH solution; 4) HCl-P -bound with calcium carbonate and extractable with HCl solution; 5) Res.-P -residual, permanently bound with the matrix after complete mineralization. Biologically active P (BAP) was defined as the sum of NH 4 Cl-P, Fe-P and NaOH-P while non-biologically active P (NBAP) was defined as the sum of HCl-P and Res.-P. 
Statistical analyses
The results were analysed using STATISTICA 10.0 software (StatSoft, U.S.A.). Gaussian distribution was tested with Shapiro-Wilk's test, and because most of the data did not meet this assumption, non-parametric methods were employed. To evaluate differences in sediment chemistry before and after drainage, Wilcoxon's matched pairs test was used. P value < 0.05 was considered as statistically significant.
Results
Sediments of the Maltański Reservoir were characterized by a low contribution of organic matter that did not differ statistically at any sampling site before and after drainage (Table 1) . Relatively low P content was found in collected sediments ( Fig. 2A) . The mean concentration observed after drainage was 216.4 mg kg -1 while after refilling it reached 240.9 mg kg -1 (p>0.05). In both investigated periods, the highest level of P was found in sediments collected at northern sites (MR5-MR6).
Among the five extracted P fractions, HCl-P was the most abundant while NH 4 Cl-P constituted the lowest share (Fig. 2B ). There was a significant shift in P fractions after the reservoir was drained and sediments were left without water for at least 4 months. A decrease in bioavailable NH 4 Cl-P, Fe-P and NaOH-P was observed at every studied site (Fig. 3) . Before drainage these fractions constituted on average 48.1% of the total sedimentary P pool, whereas after the drainage their contribution decreased to 33.2%. The greatest decrease (by a mean of 8.6%) was observed for NaOH-P, but the mean share of the other two also decreased significantly (p<0.05). These changes were followed by a general increase in the less bioavailable HCl-P fraction and practically non-biologically available Res.-P. The mean share of these two fractions increased from 51.8% before draining to 65.0% after the reservoir had been refilled with water (Fig. 2B) . The general order rank of P fractions did not, however, differ between sampling sites before the reservoir was drained (HCl-P> Fe-P > NaOH-P > Res.-P > NH 4 Cl-P) and after it was filled (HCl-P > Fe-P > Res.-P > NaOH-P > NH 4 Cl-P).
Discussion
Like other urban water bodies, the Maltański Reservoir is potentially subject to degradation as it can receive various chemical effluents. As a small, shallow and through-flow reservoir, the processes of organic matter accumulation can occur more rapidly compared to larger reservoirs. It was already shown that it is overloaded with nutrients inflowing with the River Cybina from hypertrophic Lake Swarzędzkie (Kowalczewska-Madura 2003) . This is a persistent situation as over the years raw municipal and industrial sewage was discharged into Lake Swarzędzkie and it was not until 2002 that storm water was collected (Kowalczewska-Madura 2003) . As a result, high levels of organic matter accumulated in sediments and serve as a source of internal release of nutrients under anoxia conditions observed every summer. Lake Swarzędzkie can be considered as one of the main sources of nutrients for the Maltański Reservoir (Kowalczewska-Madura and Gołdyn 2006) . Both N and P can also be transported via surface runoff, particularly after heavy rainfall events Barałkiewicz et al. 2014) . As the direct catchment area of the Maltański Reservoir is highly urbanized, with roads, various sports, recreation, and shopping facilities as well as residential areas, the nonpermeable surface increases washing out and transport of emitted chemicals. As already demonstrated, the Maltański Reservoir receives large loads of toxic metals, which are further accumulated in biota including macroalgae, macrophytes and bivalves (Rybak et al. 2013; Rzymski et al. 2013; Rzymski et al. 2014) .
Despite its location and urban character, the total P content found in sediments of the Maltański Reservoir, however significant, was lower compared to other Polish lakes (Sobczyński and Joniak 2009a; Sobczyński and Joniak 2009b) , or dammed and urban reservoirs (Kowalczewska-Madura et al. 2010; Smal et al. 2013) . The highest concentrations were noted at the northern side of the Maltański Reservoir through which the main flow of water from the River Cybina is directed. This highlights the role of this stream in influencing the chemistry of the studied water body and stimulating primary production, which was reported to be dominated by cyanobacteria, including potentially toxic species (Kobos et al. 2013) . To fully assess the risk of internal P loading, a sequential extraction analysis was performed. As revealed, the mean share of the two most bioavailable P fractions (NH 4 Cl-P and Fe-P) constituted no more than 30% before the reservoir was drained and did not exceed 25% after it was filled again with water. The contribution of the less readily bioavailable NaOH-P fraction was also relatively low. As the Maltański Reservoir is a shallow water body with a well-mixed water column, all of these fractions (NH 4 Cl-P, Fe-P and NaOH-P) can be involved in P internal loading. As demonstrated, they can all be utilized by phytoplankton and be responsible for bloom outbreaks (Dorich et al. 1984; Fabre et al. 1996; Rydin 2000; Kaiserli et al. 2002) . The HCl-P fraction, which mainly represents calcium-bound P, was found to have the highest sedimentary contribution in the Maltański Reservoir regardless of the time the samples were collected. While this fraction contributes to the permanent storage of P in sediments, it appears to be non-motile, rarely released from sediments and therefore, not readily utilized by phytoplankton (Kaiserli et al. 2002; Jin et al. 2006; Ribeiro et al. 2008) . Compared to various other lake sediments for which the P extraction analyses were performed, a relatively high share of Res.-P was observed in the Maltański Reservoir (Sobczyński and Joniak 2009a; Sobczyński and Joniak 2009b) . This fraction includes not extractable organic phosphorus and refractory P compounds (and possibly a low amount of undetermined organic P in the extractable P fractions). Res-P is considered to be permanently combined with minerals and, thus, to be biologically unavailable (Hupfer et al. 1995; Rydin 2000) .
The complete drainage of the Maltański Reservoir is performed every 4 years in order to sustain its sporting role. In 2012, the sediment was not removed from the littoral zone, thereby creating the possibility to fully oxidize its surface layer. This resulted in a shift in the share of P fractions, slightly decreasing bioavailable NH 4 Cl-P, Fe-P and NaOH-P and increasing the contribution of HCl-P and Res.-P fractions. When the reservoir was filled again with water, its sediments became a less important source of P for the mixed water column. It can be therefore predicted that draining of small shallow reservoirs during the autumn/winter period can additionally result in a decrease in internal P loading. It cannot, however, be a sufficient method to prevent the eutrophication of the water body, particularly if the external sources (urban runoff and inflowing streams) play a significant role in loading nutrient enrichment.
